reoleuciscus splendidus of Coreoleuciscus, one species had been found. However, but recently between the west Korea subdistrict populations and the south Korea subdistrict populations has been separated to have genetic and morphological differences by Song & Bang (2015) . The entity is scientific named C. aeruginos, as a new species distributed in the South Korea Subdistrict populations. There have been numerous studies on C. splendidus including taxonomic researches such as fine distribution (Choi et al., 1990) , systematology (Kim & Kang, 1990) , genetic variation analysis Song et al., 2010) , spermatogenic and oogenesis process (Kim et al., 2009; , skeletology , egg membrane cell and cytogenetics Kim et al., 2014) , crossbreed hybrid distiction (Song et al., 2017a) , and sexual dimorphism and gonad (Song et al., 2017b) . Studies on initial life history of P. esocinus include Pseudopugtungia nigra (Kim et al., 1991; Lee et al., 2004) , Pungtungia herzi (Baba, 1994; Lee et al., 2002) , P. parva (Han et al., 2001) and Sarcocheilichthys nigripinnis morii (Kang et al., 2007) .
Studies on initial life history of C. splendidus are the records of hatching time and hatching size done by Song (1977) and the observation of egges and advanced fry of C. splendidus inhabiting in Chogangcheon of the Geum-River by Han et al. (2018) . The Ungcheon-stream, which is the place where broodstork were sampling, is an independent one that is not connected with other water systems, and it is intended to be used for phylogenetic systematic research after the characteristics of its initial life history appearing in each water system's entities are compared with related species.
Gathering broodstork fish
Fro broodstork fish, we caught 20 by using skimming nets at the Ungcheon-stream in Boryeong-si, Chungcheongnam-do in April of 2018 and them to the laboratory packing them with oxygen vinyl. We raised the broodstork in the running water type at a PVC round fish tank (Ø 1.2 m), and maintained 18.0℃-20.0℃ (average 19.0℃) of the water temperature. We fed frozen blood warms (Hikari, Japan) twice a day.
Induction of ovulation and maintenance of fertilized eggs
Female fish that were used for induction of ovulation were selected among those with abdominal distension and red gonopore. We injected 0.5 mL of Ovaprim (Syndel, Canada) per 1kg of weight and kept them separately. We maintained 21.0℃ of water temperature, which is raised by 2.0℃ from 19.0℃. We collected eggs by pressing abdomen 12 hours later. For artificial insemination, we mixed sperms with the collected eggs and sterilized physiological saline in Petri dish (Ø 15 cm) and fertilized. The fertilized eggs were washed with clean water twice a day to remove impurities.
Breeding larvae and observing form
We transferred the hatched larvae to a small plastic tank (20×10×10 cm) and maintained average 21.0℃ of the water temperature. We fed 2-3 Artemia sp. nauplius per mL after egg yolk absorption. We added assorted feed (Tetramin, Germany) from 23 days of hatching. From the 46 days after hatching, we provided assorted feed and frozen blood warms. For observation of morphologic development of larvae, we randomly selected five, anesthetized them with MS-222 (Ethyl 3-aminobenzoate methanesulfonate, Sigma Aldrich Co., St. Louis, USA), filmed with a stereoscopic microscope (Nikon SMZ 18, Japan) and measured the size up to 0.01 mm using a multipurpose projector (Nikon JP V-12B, Japan).
The size of mature entity and the characteristics of eggs
The mature entity of C. splendidus broodstork is 10.2-11.1 cm (average 10.6±0.63 cm, n=10) of the female's total length and 8.30-9.41 cm (average 8.85±0.78 cm, n=10) of the male's total length. The matured eggs are white opaque globular shape, and the surface of the eggs is intensely Fig. 2A) .
The pre-larvae of the 1 days after being hatched were 6.70-6.85 mm (average 6.77±0.10 mm, n=10) of total length with a pair of primordial finfolds on the chest and tree branch shape melanophore at the middle part of the body. The dimension of the primordial finfolds became wider compared to those right after being hatched, and the tip of tail at the notochord was developed (Fig. 2B) .
The pre-larvae of the 2 days after being hatched were 7.20-7.40 mm (average 7.30±0.14 mm, n=10) of total length with the tree branch shape melanophore distributed at the middle part increased to the back of the tail in addition to the upper part of the egg yolk. The shape of digestive canal was a straight line, starting to develop gradually. The respiratory movement was observed with the naked eye due to the development of gill filament at the gill. The mouth started to be divided, but wasn't open completely (Fig. 2C ).
The pre-larvae of the 5 days after being hatched were 7.77-7.89 mm (average 7.79±0.13 mm, n=10) of total length. The air bladder was formed at the upper part of the egg yolk, enabling fish to start swimming at the middle layer. The tree branch shape melanophore pigmented on the body started to be pigmented widely to the top part of the head, to the gill cover and to the bottom part of the digestive canal. At this period, the fish started to take in prey by opening the mouth, and several small bumps were observed to be formed from the end of the mouth to the end of the tail. Five fin rays were formed at the chest fin, and the pectoral fin ray started to develop at the tip of the tail (Fig. 2D ).
The post-larvae of the 10 days after being hatched were 8.44-8.65 mm (average 8.54±0.14 mm, n=10) of total length. The air bladder on the upper part of the egg yolk was developed by being divided into two parts, and at the tip of the tail, the fin ray was developed before the spine was bent. The tree branch shape melanophore pigmented Table 1 ). Scale bars=1.00 mm.
on the body was turned into spotted appearance, and at the mouth and the gill cover, melanophore was connected in the line shape. A dorsal fin started to develop, forming five fin rays, and eight fin rays were formed at the caudal fin.
The anus during this period was 72.3% of the body length, being located from the center to the back (Fig. 2E ).
The post-larvae of the 13 days after being hatched were 9.52-10.2 mm (average 9.86±0.48 mm, n=10) of total length. The number of the dorsal fin rays was increased to 8, and the tip of spine at the tail were bent by 45° with hypural developed. The number of the caudal fin rays was increased to 20. The dimension of primordial finfold was gradually decreased, and the back and the tail started to be divided. The fin rays were developed except abdomen and anal fin (Fig. 2F ).
The post-larvae of the 18 days after being hatched were 11.1-12.2 mm (average 11.6±0.77 mm, n=10) of total length.
At the anal fin, seven fin rays started to develop, and the number of anal fin rays was increased to 22. The melanophore pigmented at the mouth and the gill cover was pigmented in the line shape between eyes, and the melanophore distributed at the abdomen above the air bladder became wider to the caudal part (Fig. 2G ).
The post-larvae of the 23 days after being hatched were 13.7-14.9 mm (average 14.3±0.84 mm, n=10) of total length. The numbers of the dorsal and anal fin rays were increased to 9 and 8 respectively. At the caudal fin, attached stems were formed. As three fin rays were formed at the ventral fin composed of films, all fins were completely divided (Fig. 2H) . increased to 9 and 6 respectively. As the caudal fin was divided into two sections, a groove was formed. At the beginning part of caudal fin, melanophore of round spot was pigmented. At the body, the melanophore pigmented in the line shape was connected from the tip of the mouth to the eyes and to the middle part of the caudal peduncle.
The number of melanophores was gradually decreased at the abdomen, and some were pigmented around the anus.
As the number of the small bumps developed on the body was gradually decreased, the length became short. The anus during this period was 64.1% of the body length, being located from the right center to the back (Fig. 2I ).
The post-larvae of the 33 days after being hatched were 17.3-18.0 mm (average 17.6±0.49 mm, n=10) of total length. The number of ventral fin rays was increased to 7, and the melanophores pigmented at the beginning of the caudal fin were pigmented darkly. The trace of primordial finfolds that remained at each fin completely disappeared (Fig. 2J) .
The post-larvae of the 46 days after being hatched were 21.3-22.4 mm (average 21.8±0.77 mm, n=10) of total length. The melanophore was pigmented in the line shape according to the right center of the body, and at the attached stem above the spot shape melanophores pigmented at the center of the beginning part of the caudal fin, the same spot was pigmented. The melanophores were pigmented at the dorsal, caudal and anal fin rays, and scales were developed at the upper part of the caudal peduncle (Fig. 2K) .
The juvenile fish of the 88 days after being hatched were 26.2-25.7 mm (average 25.9±0.35 mm, n=10) of total length. The melanophore was pigmented at each fin ray.
The melanophore pigmented at the center of the beginning part of the caudal fin disappeared. Regarding the number of fin rays in each part, the dorsal fin had ⅲ.7 and the anal fin had ⅲ.6, so the number of fin rays and the external shape were developed identically to broodstork (Fig. 2L) .
The juvenile fish of the 139 days after being hatched were 34.7-38.9 mm (average 36.8±2.96 mm, n=10) of total length. They swim along the water flow established in the rearing aquarium, and their behaviors such as taking in prey were similar to brood stork. The melanophores of line shape formed on the center of the body disappeared, and side lines were formed. The scales formed on the abdomen were silver color, and at the tip of each scale, shadow shape melanophore was formed. The anus during this period 72.5%, and C. splendidus had the anus from the center to the back identically from the moment of being hatched to the juvenile period (Fig. 2M ).
Studies on initial life history of fish have been used not only to find out the taxanomic relationships with similar species but also to prove the biological characteristics of species. Many traits revealed during the generation period of fish provide important basic resources for taxanomic relationships of allied species (Blaxter, 1974; Balon, 1985) .
Therefore, we compared the sizes of eggs, spawning amounts, hatching time, the sizes of hatched larvae and the periods from post-larvae to juvenile fish in order to identify the taxonomic difference by comparing with the initial life history of fish of gobioninae including fish of P. herzi, which has taxonomic relationships. The results are in Table 2 .
In the result of comparing the sizes of eggs, eggs of C.
splendidus inhabiting in the Ungcheon-stream are average 1.86-2.01 mm. Those of Song (1977) were 2.17-2.31 mm, and those in the Chogangcheon stream were 2.11-2.66 mm (Han et al., 2018) , so the sizes in the two studies were similar, but those in the Ungcheon-stream were relatively small, showing difference. There was difference in the sizes of eggs of same species depending on water systems. in the future for more specified research. They were bigger than different fish in the gobioninae including Gobiobotia brevibarba (Ko et al., 2011b) , G. macrocephala (Ko et al., 2011a) , Microphysogobio koreensis (Kim et al., 2012) , M.
It seems to be necessary to compare the sizes of eggs in
rapidus (Hong et al., 2015) and G. naktongensis (Ko et al., 2013) , and were similar to Pseudogobio esocinus . They were slightly smaller or similar to M. yaluensis (Baek, 1978) , P. nigra (Lee et al., 2004) , P. herzi (Lee et al., 2002) , S. nigripinnis morii (Kang et al., 2007) , Pseudopungtungia tenuicorpa (Ko et al., 2012) and S. gracilis majimae (Park et al., 2005) , and were similar to P. parva (Han et al., 2001) , which is the same P. herzi family (Table 2) . Growth rate and yolk absorption rate increased with increasing temperature (Polo et al., 1991) . The formation of fish's chromophore is observed after being hatched in case the hatching time is short, but in the fish species that have longer hatching time, it is observed during the egg development process before being hatched (Kim et al., 2012) . It took over 100 hours for C. splendidus to be hatched, and melanophores were pigmented on the eyes, but not on the body before being hatched. However, such fish species that have 1-2 days of short hatching time as M. yaluensis (Baek, 1978) , Cobitis choii (Song et al., 2008) and Koreocobitis naktongensis aren't known to have melanophores pigmented on the larvae's eyes before being hatched (Song et al., 2017c The periods of becoming post-larvae and juvenile fish were different depending on species, but they can change according to breeding environments such as water temperature and feed, so it is more accurate to breed in the same condition for comparative research.
There are some species that are difficult to observe due to opaque egg membrane among fertilized eggs of Cypriniformes fish, and in this study, it was difficult to observe the egg development process of C. splendidus, and it seems to be necessary to seek the method of removing the opaque egg membrane in order to compare embryological characteristics appearing in the egg development process of C. splendidus with related species. As some species were considered as the same species in the past but are divided due to the difference of external forms, coloration and genetic characteristics, there should be continuing comparative studies on the characteristics appearing in entities inhabiting in different water systems and initial life history.
Studies on initial life history are parts of species restoration research, and nowadays, the number of freshwater fish entities is expected to decrease due to habitat degradation including water pollution and river control works. In addition, C. splendidus inhabiting in rapids are gradually losing their habitats due to construction of dammed pools for agricultural irrigation. The species designated as endangered ones among gobioninae fish species are P. nigra, M. 
